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内 容 摘 要 
气囊抛光技术，是一种新型的抛光技术，其利用带有一定充气压力的球形
气囊作为抛光工具，并按照一定的进动方式实现高效精密抛光。相较于其他的























































Bonnet polishing is a novel polishing technology which uses an inflated and 
flexible bonnet as polishing tool, moves in a certain way of precession control to 
achieve efficient processing. Compared to other Computer Controlled Optical 
Surfacing Technologies (CCOS), bonnet polishing has a higher material removal rate 
and polishing efficiency, so widely used in polishing processing for large optical 
aspheric lens and other fields. While in the fields of industrial manufacturing, as a 
popular processing mode in recent years, the industrial robot has been more and more 
widely popularized and applied because of good processing flexibility and versatility. 
In order to make full use of the flexibility of industrial robot, especially the 
six-axis industrial robot, this paper introduces the six-axis industrial robot to the 
bonnet polishing, and builds experimental platform to achieve process research, and 
provides a fundamental research for ultra-precision polishing applications combined 
with highly automatic robots and flexible processing technology. In this paper, bonnet 
polishing platform is built to flexible polishing, while industrial robot as the main 
body. Based on the principle of precession polishing, the precession control algorithm 
for robot-assisted bonnet polishing is designed. Finally, polishing experiments using 
optical lens are conducted to evaluate the stability and reliability of principle 
prototype. The research results could provide the theoretical basis and technical 
support for ultra-precision polishing of large optical lens. 
The main research and innovations of this study are listed as following: 
1. By studying the removal characteristic of robot-assisted bonnet polishing, 
digital design method is used to plan overall structure and complete detailed design of 
bonnet head. And then electrical control system is designed for the principle 
prototype. 
2. According to the demand of various polishing workpiece, and combining with 















study on movement modeling and control algorithm for precession polishing is 
presented. Process paths with grating, spiral and other different paths for 
robot-assisted bonnet polishing are also discussed in this paper. 
3. Taking reliability verification and parameters optimization into account, a 
series of polishing experiments are conducted to verify the processing stability of 
robot-assisted polishing, the controllability of machining parameters and the ability of 
uniform polishing. 
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(a)采用球面零件导引头的光学系统    (b)采用非球面零件导引头的光学系统 










射膜。如图 1-2 所示，美国亚利桑那州的格拉汉姆山国际天文台的 2008 年 3 月
开始试用的大双筒望远镜(Large Binocular Telescope)，即 LBT 望眼镜是两台架设
在同一机架上的口径为 8.4m 的双筒望远镜，其等效口径为 11.8m，采用热蒸发
的方式在基体表面镀上铝反射膜。由于铝在空气中会氧化形成一层致密的 Al2O3
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            (a) LBT 外观图                          (b)LBT 内部图 
图 1-2  LBT 大双筒望远镜 
1.2 大口径非球面抛光的国内外研究现状 
精密加工技术始于美国 20世纪 60年代初为核弹制造而开发的单点金刚石刀
具镜面切削工艺。1962 年美国 Union Carbide 公司研制出第一台超精密半球面金
刚石车床，用于加工球形及半球形工件。机床采用立式布局，主轴采用当时最为
先进的高精度空气轴承，电机通过带轮带动主轴旋转，可实现加工精度 0.6μm，

















































































IRP400、IRP600、IRP800、IRP1000、IRP1200、IRP1600 和 IRP2400 等多个型
















抛光机床[29]，设有 X、Y、Z 三个直线进给轴和 A、B、C、H（抛光主轴）四个
旋转轴，可实现七轴控制五轴联动功能，并可配备 R20、R40、R80 三种规格的
抛光气囊，最大工作行程为 300×260×130mm，主轴转速范围 10~2000rpm，主
轴额定扭矩 4Nm，峰值扭矩 20Nm，可实现 200mm 口径的工件的超精密气囊抛
光。另外，这款 IRP200 是一款复合型机床，除了提供气囊抛光之外，H 轴还能
实现水射流抛光，最大射流压力 20bar，喷嘴尺寸规格有 0.85、1.00、1.30、1.70、
2.30 和 2.56mm 这几种规格。Zeeko IRP1200 也是一款常用的气囊抛光机床，其
最大抛光口径为 1200mm，主轴额定扭矩 14.1Nm，峰值扭矩 20Nm，可选择配备
R20、R40、R80、R160 和 R320 五种规格的抛光气囊。 
      
(a) IRP200 实物图                   (b)IRP200 三维示意图 







果。图 1-6 为对 BK7 玻璃进行无进动抛光和分步进动抛光的效果对比，并利用
WYKO RST500 干涉仪进行表面测量。可以看出，采用分步进动抛光后，其表面
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